Research in schizophrenia has increasingly focused on incorporating measures from cognitive neuroscience, but little is known about their psychometric characteristics. Here, we extend prior research by reporting on temporal stability, as well as age and sex effects, for cognitive neuroscience paradigms optimized as part of the Cognitive Neuroscience Test Reliability and Clinical applications for Schizophrenia consortium. Ninety-nine outpatients with schizophrenia and 131 healthy controls performed 5 tasks assessing 4 constructs at 3 sessions.
Introduction
Experimental paradigms developed within cognitive neuroscience have become increasingly important in the field of clinical cognitive neuroscience. Such tasks have potential for measuring discrete, neurally dissociable impairments that may be suitable targets for intervention and/or which may serve as endophenotypic markers of risk for illness. 1, 2 The study reported here is based on data from a series of multisite investigations of constructs and measures derived from cognitive neuroscience relevant to schizophrenia. The studies are part of the Cognitive Neuroscience Test Reliability and Clinical applications for Schizophrenia (CNTRaCS) consortium. 3 This article reports on the second study of these measures in a large new sample of patients with schizophrenia and a sample of psychiatrically healthy comparison participants tested 3 times. The study was concerned with the (1) temporal stability of differences between patients and controls (ie, differential practice effects); (2) associations of performance with age; (3) sex differences in task performance; and (4) practicality and tolerability. In addition to the stability of group differences in the absence of intervention, we examined the test-retest reliability of individual differences over the 3 testing occasions.
Stability of Performance in Schizophrenia Patient Groups
Temporal reliability of task performance among clinically stable patients is important to establish prior to intervention studies because practice effects may reduce intervention effects. [4] [5] [6] The effect of repeated assessment in clinically stable patients has primarily been examined using measures based in clinical neuropsychology. Stability on such measures varies across tasks 7, 8 and across studies, with both lower stability 7, 9 and comparable stability 10 reported when comparing patients with controls. However, this is the first study to our knowledge to examine different aspects of stability (both stability of group differences and individual differences) on tasks derived from cognitive neuroscience across several assessments in persons with schizophrenia and controls. Importantly, there is some evidence 5, 11 that use of multiple baselines may ameliorate practice effects resulting from learning of task structure and response demands, and this approach was implemented in this study. The idea of multiple baselines is that participants' first experience with a task results in the greatest learning, and therefore the greatest practice effects on the next testing, whereas change from a second baseline to any subsequent point as a function of practice is likely to be reduced.
Aging and Schizophrenia
A number of investigators have noted similarities between the psychological deficits typically seen in schizophrenia and the performance of older healthy individuals [12] [13] [14] [15] for an early review. Age-associated impairments for schizophrenia appear to be more generalized among those persistently hospitalized, whereas in outpatients age-related impairments are most prominent for memory, attention, and processing speed measures. [16] [17] [18] This suggests that variation in age may need to be accounted for in the evaluation of cognitively focused interventions or studies of cognition in schizophrenia, and that age may influence the extent to which practice effects are observed. Thus, we investigated main effects of age and interactions between age and practice effects.
Sex Differences in Schizophrenia
Sex differences in schizophrenia have been reported for clinical characteristics, prognosis, and neuroimaging, but only sometimes for cognitive performance. When sex differences are found, deficits are greater for men in many studies. [19] [20] [21] [22] [23] However, most studies of cognition in schizophrenia have been underpowered for detecting sex differences. Samples are predominantly male and the power of a study is substantially affected by the size of the smaller group. 19, 20 There are both public health 20 and clinical research reasons for adequately sampling and comparing both sexes, including suggestions of sex differences in treatment response. 24, 25 This study was designed so that approximately half the participants in each group were women, allowing sufficient power to examine sex effects on cognition in schizophrenia.
The paradigms studied here were selected through a consensus-based process (CNTRICS) with the requirement that they measured discrete cognitive processes with evidence from basic cognitive neuroscience linking performance to distinct cognitive and neural systems (see Henderson et al, 26 Barch et al, 27 Ragland et al 28 , and Silverstein et al 29 for reviews of the validity of these tasks as measures of specific constructs) rather than a common factor or generalized deficit. The 4 tasks and associated constructs were (1) Dot Probe Expectancy (DPX), a nonverbal variant of the AX continuous performance task (AX-CPT) 30 to assess goal maintenance in working memory 26 ; (2) Relational and Item-Specific Encoding and Retrieval (RiSE), a measure of distinct episodic memory encoding and retrieval processes 28 ; (3) Jittered Orientation Visual Integration (JOVI), an assay of visual integration or perceptual organization 29 ; and (4) Contrast-Contrast Effect Task (CCE), an index of perceptual gain control or center-surround suppression. 27 A second version of a goal maintenance task, the AX-CPT, which uses letter stimuli, was included to provide a source of convergent validation for the DPX and to follow up on previous studies. 31 Analyses were designed to determine whether these tasks were appropriate for the assessment of change in these specific cognitive processes in clinical trials.
Method

Participants
Outpatients and partially hospitalized individuals with schizophrenia and psychiatrically healthy adults (18-65 years of age) were recruited by the CNTRaCS consortium from University of California-Davis, Maryland Psychiatric Research Center at the University of Maryland, University of Medicine and Dentistry of New Jersey, University of Minnesota-Twin Cities, and Washington University in St Louis (see online supplementary materials for site Ns). The total number of patients tested was 103 in the schizophrenia group and 132 for the healthy controls. The study was approved by the Institutional Review Board of each participating institution; written informed consent was obtained from each participant.
Inclusion and exclusion criteria were (1) no history of significant head trauma or neurological disease; (2) no history of mental retardation or pervasive developmental disorder; (3) and no history of substance dependence in the last 6 months or substance abuse in the last month. All participants were English speakers and scored ≥6 on the Wechsler Test of Adult Reading (WTAR). 32 Each participant was also required to pass alcohol and drug testing on every visit to the laboratory. 26 Patients were excluded if their medication had changed over the preceding month. For controls, additional criteria included no history of any psychotic or bipolar disorder, no current major depression, and no current psychotropic or cognitive-enhancing medications. There were no exclusion criteria based on family history. A master-level clinician conducted diagnostic assessments using the Structured Clinical Interview for DSM-IV-TR 33 and the 24-item Brief Psychiatric Rating Scale. 34, 35 Details regarding interviewer training and establishing and monitoring reliability are available in the online supplementary materials.
Procedure
As noted above, 5 cognitive tasks intended to measure 4 different constructs were administered to each participant. Each of these tasks has been described in detail in earlier reports, and additional details are provided in table 1 and the online supplementary materials, including descriptions of task length. The software for these tasks and testing procedures also are available for use by other investigators through the CNTRaCS Web site http:// cntracs.ucdavis.edu/task. The order of task administration within a session for each participant was the same as the order in which the tasks are listed, with the exception of the goal maintenance tasks, which were counterbalanced across participants. We used a fixed task order in order to facilitate individual differences analyses of the relationships between task performance and other measures (eg, function, symptoms), which will be the focus of other publications. All tasks were administered 3 times. The time between the first (T1) and second (T2) assessments was planned to be 7 days (M = 7.24 days, range [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and between the second and third (T3) 14 days (M = 14.39 days, range 10-29). Similar to the MATRICS, 36 we also collected tolerability ratings from participants for the RiSE, JOVI, and CCE (ratings are not available for the DPX and the AX-CPT due to a technical problem with the part of the Eprime script that was to present the rating questions). The ratings were made using a 7-point visual analog scale, with 1 anchored with a frowning face and the word "Unpleasant" and 7 anchored with a smiling face and the word "Pleasant."
Data Analysis Overview
Multilevel modeling (MLM) was used to analyze performance because it permits the inclusion of data from participants with at least 2 data points and accounts for the actual assessment intervals for each subject. Models were built independently for each cognitive task using established procedures. 29 Assessment occasion (time) was the level-1 predictor, which was centered at the first testing occasion. The between person (level-2) predictors were diagnosis, age (grand-mean centered), sex, and all higher order interactions. A missing data analysis indicated that diagnostic group, age, sex, parental and own SES, and site did not predict missing values and so MLM analyses were conducted assuming random missing data. The first step in each analysis was to evaluate a fully unconditional model against which more constrained models were compared. Time was then added as a fixed effect and compared with a model that allowed the effect of time to vary randomly using the likelihood ratio test. In each case, permitting the slope of time to be an individual difference variable improved model fit. Next, a model including all other main effects and interactions was estimated. The diagnosis by age and diagnosis by time interactions were retained in all models. Other interactions were removed if nonsignificant before estimating the final model. The final models for each task had the same main effects but could differ in regard to the interactions. The main effects of group and age were tested at T1. Significant interactions with Time indicated that main effects changed over testings. Alpha was set at P < .05 for effects of diagnosis because these tests were replications of previous findings. 3 For other factors in the MLM analyses, alpha for the nominal .05-level was P < .00625 (.05/8) because there were a total of 8 dependent variables. Repeated Measures ANOVA was used to test expected group by task condition interactions, with alpha set at P < .05. All of these analyses were performed using SPSS Version 19. For analyses with participants with data from all 3 assessment points (Ns = 207-217), power exceed .9 for a medium effect size (r = .3) 37 for all comparisons. 38, 39 The skewness and kurtosis values for all dependent variables are shown in online supplementary table S1. With a relatively large sample size such as ours, even relatively small deviations from normality are significant. As such, prior work has suggested that variables with skewness values greater than ±2 should be transformed. None of the variables had skewness values above 2. However, it is standard in the field to log transform threshold scores and thus we did so for the JOVI threshold scores.
Results
Participants' Characteristics
Five participants (4 patients and 1 control) were dropped from the analyses. One patient and 1 control were dropped because their schedules did not allow them to be tested at the appropriate time intervals and 2 patients were dropped because they did not meet inclusion/exclusion criteria. Characteristics of the final sample of patients and controls are summarized in table 2. The groups were recruited to be matched for age, sex, and race/ethnicity. Patients, as expected, had lower personal socioeconomic status (SES), but parental SES did not differ between groups. Comparisons of demographic difference across sites indicated significant between-site variability for age (F(4,220) = 30.25, P < .001) and for both SES measures (Own: F(4, 220) = 3.71, P = .006; Parental: F(4, 213) = 8.30, P < .001).
Descriptive statistics for all task performance variables are presented in table 3. In addition, online supplementary table S2 shows the maximum and minimum scores for all variables, as well as the percentages of individuals at floor or ceiling at each testing point using the same criteria as for MATRICS. 36 A nested-model deviance test indicated that a 3-level model using site did not provide a better fit for the data than a 2-level model that ignores research site for any of the dependent variables (largest Χ 2 = 0.714, df = 1, P = .398). This suggested that performance was not different across research site, so site was not included in further analyses. Results of the statistical analyses are organized by group differences, changes over repeated testings, and association with aging. Interactions are considered within the context of group and testing effects. Only statistically significant effects are described. For complete results of all MLM and RM-ANOVA analyses, please see online supplementary materials.
Group Differences
Patients performed more poorly than normal controls on all but one task (table 3 and online supplementary tables S3-S6). Patient-control differences were comparable for both indices of Goal Maintenance in Working Memory (DPX: b = −0.772, t(220) = −6.43, P < .001; AX-CPT: b = −0.660, t(220) = −6.11, P < .001; the correlations between DPX and AX-CPT were between .63 and .80 across groups and testing sessions). There were 3 (3) and associative recognition for relational encoding. All 3 were impaired in patients relative to controls (item encoding: b = −0.168, t(213) = −8.43, P < .001; relational encoding, b = −0.189, t(217) = −9.25, P < .001); associative recognition, b = −0.226, t(217) = −9.16, P < .001). As anticipated, 29 patients performed most poorly for item recognition in the relational encoding vs item encoding condition (P < .02). As shown in table 1, the JOVI was indexed by both log transformed JOVI threshold scores and overall accuracy (proportion correct). At each time point, the proportion correct improved for both groups as the contour elements became less jittered (P < .001) indicating that participants in both groups were sensitive to this manipulation of perceptual organization. More importantly, patients performed more poorly on both indicators suggesting people with schizophrenia have more difficulty integrating spatially separated visual elements into a single, coherent shape (for threshold t(213) = 2.52, P = .03; for accuracy, b = −0.034, t(221) = −3.46, P = .001). Participants on the whole were subject to the CCE illusion, but the 2 groups did not differ, as indexed by the difference in the contrast ratings between the no surround and surround conditions (b = −0.90, t(217) = −0.75, P = .453). 38 ), while that for the accuracy measure was medium (d =.54). The CCE effect size was small (d = .13). With the exception of the JOVI threshold and CCE difference scores, diagnosis is associated with more variance than the time factor (practice effect).
Magnitude of Group
Repeated Testing
Improvements in performance over time were found for the AX-CPT (b = 0.057, t(186) = 3.39, p = .001), the DPX (DPX: b = 0.073, t(190) = 4.07, P < .001). However, this pattern was seen principally among older persons in both groups: regressing age on the difference between T3 and T1 d ′ scores indicated that improvements were linearly associated with age (standardized b DPX = .27; AZ-CPT = .25, P < .002; figure 1 ). The only other task for which there was a practice effect was the JOVI. Both groups improved over testings (for accuracy, b = 0.011, t(194) = 8.61, P < .001, for threshold, b = −0.008, t(253) = −3.98) and there was no interaction between testing and diagnostic group, indicating that the magnitude of group differences was stable across sessions.
To clarify when practice effects were occurring and to evaluate the potential efficacy of the repeated baseline approach, we compared the gains between T1 and T2 with those between T2 and T3 for the d ′ and proportion correct measures. There was no differential improvement between the pairs of time points for DPX d ′, but the improvement for AX-CPT d ′ was significantly larger between the first 2 sessions than the second and third (M difference = 0.21 vs 0.04, P < .025). There was a comparable differential practice effect for JOVI proportion correct, with a greater practice effect improvement between the first 2 sessions (M difference = .03 vs .01, P < .038), that is, practice effects AX-CPT and JOVI were greater for between T1 and T2 than between T2 and T3 though the effect sizes are small (AX-CPT r = .16; JOVI accuracy r = . 19) .
Sex
Sex did not account for significant variance on any cognitive task (largest t = −0.96, P = .338). Further, there were no significant interactions between age and diagnosis, age and testing session or between age, diagnosis, and testing session. The means and SDs for men and women with schizophrenia are shown in online supplementary table S7.
Age
Older persons, regardless of diagnosis, performed more poorly on associative recognition (b = −.007, t(219) = −5.22, P < .001). The correlation between age and task performance was of a medium effect size and was significantly higher for associative recognition (r(223) = −.37, P < .001) than for either item recognition conditions (r(223) = −.10, P > .10, t(220) = −4.17, P < .001; r(223) = −.10, P > .10, t(220) = −4.45, P < .001). The only other main effect for age was that JOVI accuracy diminished with age (b = −0.002, t(222) = −3.12,P = .002) regardless of group membership. There were no significant interactions between age and diagnosis, age, and testing, or between age, diagnosis, and testing.
Reliability of Individual Scores
The results reported thus far are at the level of group averages. We also evaluated stability of scores at the individual level with intraclass correlation coefficients (ICCs) for the agreement among scores between pairs of testing occasions and among all 3. This form of ICC takes into account as sources of error (unreliability) changes in score level (practice) as well as changes in relative position in the group and so is a more accurate estimate of the stability of individuals' scores than a correlation coefficient. 
Temporal Stability of CNTRaCS Tasks
for the CCE, the RiSE measures, and JOVI threshold, adequate for the DPX, JOVI accuracy, and good for the AX-CPT (eg, .80).
Tolerability Ratings
Tolerability ratings made by the participants are shown in table 5 for each of the 3 testing sessions. The mean tolerability ratings for the MATRICS battery tasks made by participants with schizophrenia ranged from a low of 3.7 to a high of 5.6. 36 For the JOVI, CCE, and RiSE, the lowest mean tolerability rating was 3.9 (JOVI at Time 1) and the highest was 4.8 (RiSE at Time 1). Thus, the CNTRaCS tasks tolerability ratings were overall slightly lower than those for the MATRICS tasks, but in the same range and very similar to the MATRICS computerized CPT (M = 4.2). 36
Discussion
The present results replicate our prior findings of group differences on the 4 CNTRaCS consortium tasks. The DPX, AX-CPT, and RiSE are sensitive measures of specific cognitive impairments observed in persons with schizophrenia that yield large effect sizes for group differences. The JOVI accuracy scores yield a moderate effect size for group differences in this stable chronic outpatient population. However, this measure appears to be state sensitive because all prior studies of this issue indicate greater impairment in samples of more symptomatic, chronic, and/or lower functioning patients. [40] [41] [42] [43] [44] [45] Further, as in previous work, the memory impairment of persons with schizophrenia was particularly pronounced for item recognition following relational encoding in comparison with item encoding. Consistent with our earlier report, 27 the CCE did not reveal a reliable deficit in early visual processing aspects of surround suppression Task   T1-T2  T2-T3  T1-T3  T1-T2-T3 ICC (gain control) in our samples of stable schizophrenia outpatients with relatively low levels of positive and disorganization symptoms. Most importantly for the goals of this work, the psychometric properties of a number of measures make them nicely suitable for both group differences studies and treatment studies that examine changes over time. The evidence was clearest in this regard for the DPX/AX-CPT tasks. The developers of the MATRICS argued that "The committee considered an r value of 0.70 to be acceptable test-retest reliability for clinical trials (p. 5)." 36 The DPX and AX-CPT measures both exceeded this criterion. The distributions were reasonable for the measures from the AX-CPT/DPX, with relatively low skew and relatively few patients at ceiling. Thus, either of these measures would be good choices for treatment studies wishing to assess specific changes in cognitive control and goal maintenance. The evidence for the JOVI and the RiSE was more mixed. One of the JOVI measures, accuracy, had acceptable levels of reliability for use in either group difference or treatment studies, had relatively low levels of skew, and few patients at ceiling. The tolerability ratings for this task were somewhat lower than for the other tasks, which likely reflects the fact that it is a bit challenging visually. In contrast, the threshold measures from the JOVI did not have acceptable reliability for treatment studies, and were more highly skewed. Thus, investigators wishing to assess visual integration using the JOVI in treatment studies (or group difference studies) may wish to focus on the accuracy measures as compared to the threshold measures.
The evidence for the RiSE was also mixed. The Item Recognition measures had higher reliability than the Associative Recognition measure. For example, the reliabilities of the MATRICS Hopkins Verbal Learning Test and the item recognition indices from the RiSE were comparable (.68 and from .68 to .71, respectively). However, there was somewhat more skew for the RiSE Item Recognition measures though they had very few patients at ceiling. Further, the tolerability ratings for the RiSE measures were the highest of all the tasks. Thus, the choice of whether or not to include the RiSE in a treatment study may depend on an investigators relative weighting of validity and reliability. The RiSE has excellent validity as a measure of relational and item encoding and retrieval and thus has excellent interpretability in terms of understanding mechanisms of pathology and potential mechanisms of change in a treatment study. For some investigators, the importance of this validity will make it worth the larger sample size that would be needed in order to use measures with somewhat lower reliability in a treatment study.
Of particular importance in treatment studies are practice effects between baseline and subsequent assessments. We found practice effects for 3 of 8 dependent variables, JOVI accuracy, and the DPX and AX-CPT d ′.
The magnitude of the practice effects was not different between patients and controls. Further, the practice effects on the DPX and AX-CPT increased with age. Important recommendations for treatment studies are therefore for the inclusion of younger patients to minimize practice effects and for baseline assessments prior to intervention.
The results also suggest the crossover treatment designs would not be optimal with some of these measures because of practice effects, particularly between the first and second assessment. Specifically, practice effects were greater between the first and second than between the second and third testings. This suggests that multiple baselines may provide important protection in treatment studies employing these tasks by removing the largest practice effect from the evaluation of drug effect and potentially allowing establishment of task strategies by T2 that can remain stable at subsequent testing sessions. We should note, however, that there are some drawbacks to using multiple baselines, including added time and effort and the possibility of increasing the number of individuals at or close to ceiling. Further, it must be noted that the comparisons between T1-T2 and T2-T3 are confounded by different amounts of time between pairs of assessments as the amount of time between T2 and T3 was substantially longer than the time between T1 and T2, which may well have attenuated the second practice effect. However, given that this would be a typical design in a treatment trial (eg, short time between multiple baselines, much longer time between second baseline and posttreatment effects), these results are likely to be generalizable to the context in which such a design would be used. Nonetheless, a study comparing equal intervals between a first and second session and a second and third session would help clarify the issues of differential practice as a function of multiple testing sessions, especially if the times between evaluations were longer intervals more like those used in treatment trials.
Neither sex nor site contributed to variation in task performance. Our lack of sex effects is different from some previous studies that have reported more severe cognitive deficits in men with schizophrenia. However, the majority of previous studies had relatively small samples, and the absence of sex differences in the current relatively wellpowered study suggests that if such sex differences are a characteristic of schizophrenia, they are either small in effect size or dependent on clinical characteristics not present in the current study (eg, acutely ill patients).
We also found several effects of age that did not differ as a function of diagnostic group. Older persons tend to do more poorly on many cognitive tasks, 46 but in this study, age was related to overall performance only for JOVI accuracy and RiSE associative recognition memory retrieval. The relationship between aging and increased loss of associative recognition vs item recognition performance is well established. 47 Likewise, contour integration tasks similar to the JOVI have revealed an adverse effect of aging on contour integration ability. 48, 49 Note, our examination of aging effects was somewhat limited because, as is typical of schizophrenia cognitive treatment studies, we did not include participants >65 years of age. In addition, we found greater practice effects on the AX-CPT and DPX among older participants. These differential practice effects could be related to several potential variables that may mediate age effects that were not considered in this study, such as degree of computer experience and diurnal variation in cognitive performance. Both of these factors have been found to influence cognitive performance 50, 51 and may also vary as a function of age. As such, it will be important for future studies to assess the degree to which such factors influence cognitive function in schizophrenia, mediate any age effects, and/or influence responsivity to treatment.
In summary, this study provides further evidence of the utility of measures of 3 CNTRaCS constructs for the study of specific neurocognitive deficits in schizophrenia. These data on psychometric properties indicate the suitability of some of the CNTRaCS measures for repeated assessment in appropriately designed treatment trials. The question of differential learning/practice among 3 testing occasions for several of the tasks requires further study though our results do provide suggestive evidence supporting the use of a repeated baseline approach. The associations between age and performance, though limited, indicate that age may require statistical control in studies in which patients are assigned to groups randomly. In such designs, covariance adjustment is a useful means of eliminating within-group variance associated with age, resulting in more powerful between-group tests. Finally, it will be important for future work to also assess the stability of activation in neural systems that support these cognitive processes.
